The use of femtosecond laser pulses to impulsively excite thermal and mechanical transients in matter has led, in the last years, to the development of picosecond acoustics. Recently, the pump-probe approach has been applied to nanoengineered materials to optically generate and detect acoustic waves in the gigahertz-terahertz frequency range. In this paper, we review the latest advances on ultrafast generation and detection of thermal gradients and pseudo-surface acoustic waves in 2-D lattices of metallic nanostructures. Comparing the experimental findings to the numeric analysis of the full thermomechanical problem, these materials emerge as model systems to investigate both the mechanical and thermal energy transfer at the nanoscale. The sensitivity of the technique to the nanostructure mass and shape variations, coupled with the phononic crystal properties of the lattices, opens the way to a variety of applications ranging from hypersonic waveguiding to mass sensors with femtosecond time resolution.
Introduction
The use of ultrafast laser pulses (pulse duration G 1 ps) to generate and detect thermomechanical transients in matter opened the field of picoseconds ultrasonics [31] . The basic idea is to use subpicosecond light pulses in a Bpercussion[ approach: an intense pulse (pump), focused on an area A of a solid surface, impulsively delivers an energy Q within the light penetration depth , inducing a nonequilibrium local heating of both electrons and lattice on the picosecond timescale. The local temperature increase ÁT ¼ ½Q=ðACÞ Á e Àz= (C being the specific heat per unit volume) is coupled to a sudden lattice expansion through the thermal expansion coefficient . The photoinduced thermoelastic stress is able to launch strain pulses ðz; tÞ propagating away from the excited surface along the direction z, regulated by [51] ðz; t Þ ¼ Q AC
being the Poisson ratio and f ðz À vt Þ the function describing the shape of the strain pulse, moving at the longitudinal sound velocity v . The dependence of the refractive index on the strain, through the photoelastic constant, allows following the propagation of strain pulses by means of a second delayed pulse (probe). An energy per pulse of the order of Q $ 1 nJ, which is easily available by means of Ti:sapphire oscillators producing $100 fs light pulses, can be exploited to impulsively heat semiconductor or metal samples leading to temperature raises ÁT $ 0:1À10 K, implying thermoelastic stresses ranging from 0.1 to 1 Mbar.
The first evidence of picosecond acoustic transients in semiconductors and metals, reported in the seminal work by H. Maris et al. [51] , triggered the investigation of the microscopic mechanisms responsible for the strain generation. At present, there is general agreement that, in semiconductors, the accumulation of the long-lived photoinjected excitations modifies the orbital population, inducing an electronic stress coupled to an impulsive contraction or expansion of the lattice through the deformation potential [33] . This mechanism is always accompanied by the volume expansion related to the increase of the phonon population through the anharmonicity of the crystal potential. The latter effect, named lattice thermoelasticity, completely dominates in metals, where a rapid intraband relaxation of high-energy electrons is achieved by means of electron-phonon scattering. The temperature dynamics of the photoinduced nonequilibrium electrons and phonons in metals can be satisfactorily described by the two-temperature model (2TM) [26] . The main prediction is a local quasithermalization at an effective temperature T Ã of electrons and phonons on the timescale of $1 ps. The short thermalization time ensures that part of the energy Q of the pump pulse is efficiently converted into strain energy. This characteristic made very common the use of metal thin films as light-sound transducer to launch ultrasonic acoustic pulses in materials [38] , [42] .
The use of high-energy amplified Ti:sapphire oscillators opened the way to the investigation of the high-intensity strain regime, where the nonlinear effects become effective. Pump pulses with energy of the order of Q $ 10-100 nJ generate acoustic pulses with strain amplitude of the order of 10 À3 and a time duration of the order of 10 ps. In this regime the balance between the increase of the sound velocity with strain and the decrease of the velocity of the high-frequency components of the strain pulse, due to the flattening of the phonon dispersion, results in the generation of subterahertz acoustic solitons, described by a Korteweg-de Vries equation [17] . After the first evidence of acoustic soliton generation in semiconductor and transparent media [17] , solitons have been exploited to modulate the band gap of semiconductor quantum wells through the deformation potential [44] .
When exciting samples at surfaces, a particular class of solutions of the elastic equation is constituted by Surface Acoustic Waves (SAWs), i.e., acoustic waves confined at the surface within a depth of the order of the wavelength [27] . SAWs in the hypersonic frequency range (9 1 GHz) are currently used to manipulate electrons in semiconductor devices [8] , [9] and photons in microcavities [12] , [13] , [43] . The quest for efficient SAWs generation and detection techniques at even higher frequencies led to the investigation of SAWs generation by means of ultrashort laser pulses. In particular, when the pump pulse is focused on a small area ðA $ 1À10 m 2 Þ of a surface, the large Fourier spectrum allows the launch of SAWs at different k-wave vectors. Time-resolved imaging techniques have been employed to follow the picosecond-timescale SAW propagation on free surfaces [48] , [49] , through grain boundaries [23] , in phononic crystals [39] , and in resonators [32] .
The possibility to selectively excite bulk quasi-monochromatic acoustic waves became real by employing engineered materials with artificial periodicities of the elastic properties. In these systems, the pump pulse induces an impulsive strain with the wavelength matching the periodicity of the structure. The use of semiconductor superlattices allowed exciting coherent terahertz acoustic phonons [3] via impulsive stimulated Raman scattering and, only recently, to access the dynamics of hypersonic acoustic pulses confined into an acoustic nanocavity [25] .
Parallel efforts have been devoted to the use of ultrafast light pulses to excite acoustic eigenmodes of confined nanostructures after the first study of the vibrational modes of gold nanostripes on a fused quartz substrate [28] . Recently, advances in the preparation of quasi-monodispersed nanostructures enabled, by employing picosecond ultrasonic techniques, the investigation of photoinduced coherent oscillations in metallic nanoparticles [11] , [36] , nanocolums [7] , and nanoprisms [6] , [20] , [21] , [50] , achieving optical control of the acoustic vibrations [1] . More recently, the feasibility of pump-probe measurements on single metallic nanoparticles [6] , exploiting the surface plasmon resonance, opened the way for the investigation of the mechanical properties of single nanostructures, whose shape and interaction with the environment can be exactly determined by means of electron microscopy techniques [5] .
Notably, the same pump-probe technique can be applied to study heat transport in matter [46] . The pump-induced ÁT triggers a heat flow on the subnanosecond timescale. The dependence of the refractive index on the temperature enables following the propagation of heat pulses by means of the probe pulse. This technique, named time-domain thermoreflectance, has been employed to investigate the thermal conductance at metal-metal [16] and metal-dielectric [29] , [46] interfaces and to disentangle the energy transport related to electron diffusion [16] , anharmonic phonon decay [29] , and ballistic phonon transport [18] . Recently, the signature of ballistic heat transport [54] , at cryogenic temperatures, has been reported in a GaAs crystal covered by a metallic thin film transducer [37] . The extension of this technique to the study of thermal transport between a single metallic nanoparticle and the environment is a more difficult task, due to the difficulties in controlling the properties of the nanoparticle-environment interface [53] .
The frontier in this intriguing research field is the investigation of the thermomechanical transients in lattices of metallic nanostructures on surfaces [15] , [22] , [24] , [28] , [40] . State-of-theart nanolithography and patterning techniques allow obtaining metallic nanostructures, whose shapes, dimensions, periodicities and interface properties can be carefully tuned. The interest in these systems is inherent to the following features: i) the periodicity, scalable down to $50 nm [10] , that can be exploited to launch quasi-monochromatic SAWs in the substrate at $100 GHz [45] ; ii) the periodicity of the elastic properties, which induces the opening of a band gap in the acoustic modes [35] (hypersonic phononic crystals); and iii) the fine control over the nanostructures/ substrate interface, which is mandatory when studying heat transport at the nanoscale.
Ultrafast Generation and Detection of SAW in Nanostructured Surfaces
The scheme of the experimental setup used to generate and detect mechanical transients in nanostructured arrays, in the diffraction configuration [15] , is reported in Fig. 1 . The laser source is a Ti:sapphire oscillator, delivering short pulses with 120 fs time duration, 30 nJ energy/pulse, and 790 nm wavelength, at a repetition rate of 76 MHz. The output is split into an intense component (pump) and a weak component ($1 nJ, probe). A delay line in a double-pass configuration is used to change the delay t between the pump and probe pulses. Two spatial points of the pump beam are imaged onto two quadrant photodiodes interfaced to a feedback system that drives two piezo-nanomotors mounted on optical mirrors. This system is used to keep the spatial position of the pump beam fixed during the experiment and avoid variations of the detected signal due to the pump-probe misalignment. In this configuration, a difference in the optical path of $1 m can be achieved, corresponding to a temporal time window of 3 ns. To optimize the optical signal-to-noise ratio, the pump and probe beams are focused on the same point of the sample (see Fig. 2 ) with a size of 60 m and 40 m, respectively. This size allows exciting and probing a large number of nanostructures ð$ 3 Á 10 3 Þ, while keeping the laser fluence high enough to significantly excite the system. A Peltier device is used to keep the sample back side temperature T 0 constant during the experiment. The pump beam intensity is modulated at 100 kHz by a PhotoElastic Modulator (PEM) placed between two crossed polarizers. The first-order diffracted beam is detected by a photodiode and filtered by a lock-in amplifier referenced at the PEM frequency. In this configuration, the measurement of the probe intensity variation ÁI 1D =I 1D ðt Þ, induced by the interaction on the sample with the pump pulse, is performed on the diffracted beam to increase the signal-to-noise ratio [15] and avoid all nonperiodic contributions, such as Brillouin scattering from the acoustic pulses propagating into the substrate. Relative intensity variations of the order of 10 À6 can be measured with a time resolution of $120 fs on a time window of 3 ns.
The high-frequency modulation of pump intensity has two main outcomes. The first is that the 1/f noise is strongly reduced in the lock-in detection, and the second is related to the variation of the local effective temperature T eff of the sample excited by the modulated pump beam. Considering the rate equation governing the temperature relaxation of the system excited at t ¼ 0 by the absorbed power per unit volume WðtÞ ¼ ½Q=ðAÞ Á ðrep:rateÞ [15] , we obtain two different regimes (see Fig. 3 ). If the modulation period t mod is larger than the time t ss needed for the system to reach the steady-state temperature, the local effective temperature is T eff ðtÞ % T 0 þ ðWðtÞ=CÞ Á t ss , following the pump modulation. On the contrary, if t mod G t ss the local effective temperature is given by [15] 
In this case, a damped and =2-dephased modulation of the effective temperature is superimposed to an average effective temperature T av . Considering the specific heat and the thermal conductance of the silicon substrates used in the experiments, we obtain t ss $ 1 ms, which is significantly larger than the t mod ¼ 10 s. For this reason, acquiring the 100-kHz in-phase and the =2 out-of-phase components of the probe signal, we are able to decouple the genuine variation of the diffracted intensity on the subnanosecond timescale, from the average heating of the substrate. On the contrary, standard modulation of the pump beam at 0.1-1 kHz would result in a high in-phase background in the probe signal, drastically decreasing the signal-to-noise ratio. Two-dimensional square lattices of Permalloy ðPy; Fe 20 Ni 80 Þ nanodisks have been prepared through electron-beam lithography and lift-off techniques on a Si(100) surface (see Fig. 2 ). The timeresolved measurements of the diffracted intensity have been performed on two samples with periodicity P ¼ ð1000 AE 10Þ nm, diameters d 1 ¼ ð630 AE 10Þ nm and d 2 ¼ ð400 AE 10Þ nm; and thicknesses h 1 ¼ ð30 AE 2Þ nm and h 2 ¼ ð50 AE 2Þ nm, respectively. The array periods and the nanodisk thicknesses and diameters have been carefully measured by atomic force microscopy (AFM).
In Fig. 4(a) , we report the time-resolved measurements performed on the 30 nm-thick sample, with a pump energy of the order of 10 nJ/pulse. At t ¼ 0, a fast increase of the transient signal is measured, while a nanosecond decay superimposed to a faster oscillation is detected for positive delays. Considering the laser energy density absorbed by the nanostructures and by the substrate and the specific heat of both Py and Si, we can estimate that, within 5 ps, the temperature of the nanodisks is homogeneously increased by $10 K, whereas the substrate temperature is essentially unvaried due to the different penetration depth of the 800-nm radiation [15] . The impulsive ðt ¼ 5 psÞ temperature mismatch ÁT triggers a nonequilibrium expansion of the nanostructures diameters (d =d ¼ Ã ÁT $ 2 Á 10 À5 , Ã being the effective thermal expansion coefficient of the Py/Si system), with a periodicity given by the periodicity of the lattice. At positive delays ðt 9 5 psÞ, the periodic strain induced in the substrate significantly overlaps to a pseudo-SAW acoustic eigenmode [35] . We stress the fact that the measured signal is dominated by the pseudo-SAW contribution as far as the thickness of the nanostructures is of the order of ( $ 20À50 nm in metals) and a homogeneous excitation is induced. In the regime h ) , we would expect a dominant contribution from the propagation of the acoustic strain pulses within the nanostructures.
In the h scenario, the size of the nanostructures oscillates around an equilibrium value proportional to the average temperature. The average diameter d decays as long as the heat exchange with the substrate is effective. The time dependence of the dot size is conveniently mimicked by a harmonic oscillator equation with a varying equilibrium position [15] 
T 0 ¼ T ðt ¼ 5 psÞ being the temperature difference between the disks and the substrate at the end of the electron-phonon thermalization process, the time constant regulating the heat exchange between the nanodisks and the substrate, ! 0 the oscillation frequency of the undumped oscillator, ! ¼ ð! 2 0 À 2 Þ 1=2 the renormalized frequency, the damping constant of the mode, and ¼ 1= À . In Fig. 4(a) we report the fit to the data (black line) of the sum of function (3) (red line) and a simple exponential decay (e Àt = , blue dashed line). The latter term accounts for the dependence of the refractive index on the average temperature of the metal nanostructures.
In Fig. 4(b) , we report similar measurements on a lattice of nanodisks of thickness 50 nm and diameter of 400 nm. In this case, we observe an increase of both the heat-exchange time and the oscillation period 2=!. In the present experiment, the heat-exchange time constant is proportional to the thickness of the nanostructures: % hC Py th ( th is the interface thermal resistivity), as will be addressed in the next section. The predicted ratio 2 = 1 ¼ h 2 =h 1 perfectly matches our results. The slight increase of the oscillation period is due to the mass loading effect, i.e., as the loading of a free surface is increased, the frequency of the SAW decreases [2] , [27] .
Our results show that the time-resolved techniques are a unique tool for i) following the heatexchange process between the nanostructures and the substrate and ii) measuring small quantities of matter exploiting the shift of the pseudo-SAW frequency. In order to gain further understanding of the detailed mechanisms behind the experimental evidences and to develop devices exploiting optically driven thermomechanical transients, the solution of the full thermomechanical problem is required.
Ultrafast Thermomechanics of Nanostructured Surfaces
After excitation by a single pump pulse, the thermomechanical evolution problem spans three timescales. In the first step, the laser short pulse heats the electron gas of the metallic nanodisks (subpicosecond timescale). In the second step, the hot electron gas thermalizes with the lattice (picosecond timescale). In the third step, two occurrences take place: (a) a pseudo-SAW is launched in the system, finally transferring mechanical energy, E mech , to the Si bulk, and (b) the disks thermalize with the silicon substrate transferring heat, Q, to the Si substrate (nanosecond timescale). This three-step sequence repeats itself upon arrival of a new laser pulse.
The absorption of a subpicosecond laser pulse induces an impulsive heating of the nanodisks occurring within the first few picoseconds. The physics is well modeled by the 2TM [26] C e ðT e Þ @T e @t ¼ P p ðtÞ À G Á ðT e À T Py Þ þ r ! Á ðk e r ! T e Þ C Py ðT Py Þ @T Py @t ¼ G Á ðT e À T Py Þ þ r ! Á ðk Py r ! T Py Þ
where T , k , and C indicate the temperature, thermal diffusion coefficient, and specific heat per unit volume, respectively, the reference to the electrons (e) or Permalloy (Py) being indicated by the subscript. G is the electron-phonon coupling constant, and P p ðt Þ is the profile of the pulsed power per unit volume absorbed by the sample. Simulations of the time evolution of T e and T Py in the 30 nm-thick sample, show that the maximum temperature of the electron system, T e ¼ 350 K, is reached 150 fs after laser excitation, whereas the thermalization with the lattice is completed on the picosecond timescale at a temperature of 313 K. The energy density absorbed by the sample, U=V, is peaked within the nanodisks leaving the substrate temperature essentially unaltered, this selection being possible because of the difference in the optical penetration depths in Permalloy and Si. This occurrence gives rise to the onset of a mechanical and heat flux within the sample taking place on the nanosecond timescale. As far as the thermal problem is concerned, the situation after $5 ps is that of an isothermal nanodisk thermally linked to an isothermal Si substrate via an interface thermal resistivity th ¼ 10 8 Km 2 W À1 . 1 The thermal link translates to the following boundary conditions at the disk-
n Py and b n Si being the outward unit vector normal to the dot and Si boundary, respectively. The thermal resistivity is a macroscopic quantity accounting for phonons dispersion mismatch on the two sides of the interface and other eventual microscopic mechanisms limiting the heat flow between the metal disk and the Si substrate. The nanodisk temperature dynamics is readily accessible provided the Biot number Bi ( 1, Bi being defined as Bi ¼ h=ðk Py Á th Þ. Interpreting the ratio h= th as an interface thermal conductivity, a value of Bi ( 1 means that the disk remains isothermal during the thermal relaxation process to the substrate, implying a disk temperature evolution of the form ÁTðtÞ ¼ ÁTð0Þe Àt = , where ¼ hC Py th and ÁTðtÞ ¼ T Py ðtÞ À T Si ðtÞ. In the present case, assuming k Py ¼ 20 WK À1 m À1 , we estimate Bi ¼ 0:15 for the 30-nm-thick sample and Bi ¼ 0:25 for the 50-nm-thick sample. Introducing the numbers for our samples we get ¼ 0:7 ns ¼ 1:1 ns, respectively, in qualitative agreement with the measurements reported in Fig. 4 . The time taken by the disk to thermalize with the substrate gives the timescale over which heat Q is dissipated from the disk to the substrate. We stress that the thermal diffusion process within the nanostructure, which is responsible for double-exponential behaviors of the thermal relaxation [19] , is confined within the first 5 ps and does not affect the reported measurements.
As far as the mechanics is concerned, the increase of the temperature of the periodic metallic nanodisks triggers a spatially modulated stress on the silicon surface. Such stress launches a pseudo-SAW of wavelength matching the nanodisks lattice periodicity. Oscillations arising in similar experiments have been tentatively interpreted in terms of eigenmodes of the single nanostructure or perturbation of free SAWs [28] , [40] , [41] , and [30] . Only recently the full mechanical problem has been addressed beyond the simple perturbative approach, and pseudo-SAW solutions have been calculated [35] . In a realistic physical scenario, there is no distinction between the eigenmodes of nanostructures and SAWs, the solution of the elastic equation being a pseudo-SAW partially localized on the nanostructures and radiating energy into the bulk. In Fig. 5 , we report the results of the calculations performed, considering the real dimensions of the samples. The large number of eigenmodes calculated, corresponding to coupling to different bulk modes, can be easily interpreted if the ratio between the energy content within 1 m and within the entire cell is reported as a function of the frequency. This ratio, named SAW-likeness coefficient accounts for the different localization on the surface of the calculated eigenmodes [35] . Two Lorentzian curves emerge as the main contribution to pseudo-SAW solutions. In particular, the low-energy one 1 This value has been estimated as an average of the thermal resistivity values measured on similar interfaces (see [19] , [46] , and [47] ). At room temperature, this value is always of the same order of magnitude, irrespective of the hetero-junction materials.
is related to sine-symmetry solutions, whereas the high-energy one has cosine symmetry. The energy difference, of the order of 0.4 GHz, between the two modes is the phononic gap opening as a consequence of the periodicity of the system [35] . The value of the pseudo-SAW eigenmodes, calculated within the latter theoretical frame, matches the experimental frequency !, whereas the bulk mechanical energy content of the same eigenmode properly accounts for the energy radiated into the bulk, i.e., for the damping reported in Fig. 4 .
Applications
The possibility to optically control the excitation of pseudo-SAW and thermal gradients in arrays of metallic nanostructures on substrates opens the way to fundamental applications in the field of hypersonic phononics and nanocalorimetry.
The gap in the phononic modes, which is reported in Fig. 5 , is the starting point to design and engineer surface waveguides and surface phononic cavities in the 10-100-GHz frequency range. In particular, the controlled removal of nanostructures adds localized modes within the phononic gap range. In Fig. 6 we calculate the eigenmodes of long chain of 200-nm-wide, 50-nm-thick metallic nanostructures with periodicity of 1 m, on top of a Si(100) surface. Upon removal of three metallic elements, a new mode, strongly localized within the cavity, appears at a frequency of $4.45 GHz. This mode is prevented from propagating in the surrounding phononic crystal by the acoustic gap of the periodic structure. This simple element is the base of the development of waveguides and surface cavities, where the hypersonic acoustic pulses can be injected by excitation with ultrafast laser pulses. The accessibility of this kind of surface cavities constitutes a fundamental step toward the manipulation of molecules and small nanostructures by means of acoustic waves.
In addition, the sensitivity of the time-resolved techniques can be exploited to develop mass sensors with picosecond time resolution. Considering that a difference of 10 ps in the oscillation period has been measured for the samples reported in Fig. 4 , we can easily estimate the sensitivity of these devices. The nanostructures volume difference in the two samples is ÁV ¼ 5 Á 10 À17 cm 3 , corresponding to a mass difference/disk of Ám $ 5 Á 10 À16 g=disk. In the probe area, the number of nanodisks is about 1250, giving an absolute mass variation of Ám $ 625 fg. Moreover, sensitivity is dependent on several parameters such as the SAW wavelength, the unit cell filling factor and the disk's mass. Shorter SAW wavelengths imply higher surface confinement and, hence, higher surface sensitivity [2] . The proposed device periodicity can be scaled to tens of nanometers, thus enhancing the sensitivity. Finally, the experimental scheme reported in this work proves very useful to perform specific heat measurements of mesoscale samples, that is, for nanocalorimetry. When tackling the problem of measuring the specific heat of a small object a fast, noncontact probe is required. The speed requirement is dictated by the fact that the heat exchange between the sample and the thermal reservoir is proportional to the sample mass. For instance, in the present case, assuming knowledge of the interface thermal resistivity (this can be accessed with static thermoreflectance measurements), a sample mass of few femtograms leads to $ 1 ns, as discussed in the previous section. A contact probe of dimensions of the same order of magnitude of the dimensions of the sample affects the measurement in that one accesses the specific heat of the nanosample and the probe itself. A noncontact probe would solve this problem. The scheme here outlined satisfies the aforementioned requirements: the Biot number is intrinsically small for metallic samples of thicknesses of tens of nm or less (see Section 3). This ensures a temperature decay time following a single exponential decay. The fast thermal flux can thus be probed with subpicosecond time resolution by all-optical means. The picosecond time resolution allows probing, in principle, heatexchange processes in nanoparticles with dimensions of the order of few nanometers, where the relaxation time is expected to be in the subnanosecond timescale, accordingly to the relation / h, as discussed in Section 2.
Perspectives and Conclusion
Until recently, the widespread application of devices based on time-resolved techniques has been hindered by two main limitations: i) The weak variations of intensity of the probe pulse usually implies very long acquisition times, and ii) the diffraction limit prevents from developing microscopy techniques with spatial resolutions smaller than hundreds of nanometers. Both these limitations can be overcome by the recent advances in ultrafast techniques.
Recent progresses in the control and synchronization of the repetition rate difference of two femtosecond lasers can be exploited to make pump-probe measurements with a technique known as ASynchronous OPtical Sampling (ASOPS), without mechanical delay lines. This technique is based on two femtosecond lasers, stabilized at an offset repetition frequency Áf (typically in the range 1-10 kHz), much smaller than the repetition rate f (typically in the range 100-1000 MHz), This system produces two pulse trains in which successive pairs of pulses arrive at the sample with a delay that is linearly ramped from 0 to 1/f (which is the scanning window), in time steps whose amplitude depends on the frequency offset. Applications in which shot-noise-limited relative reflection variations of 10 À8 are attained by averaging pulse scans at a kilohertz rate have been reported in the literature [4] . The investigation of thermoacoustic transients through reflectivity measurement, exploiting the ASOPS technique, would allow realizing an optical oscilloscope to follow in real time the strain waves propagation or fast thermal gradients induced by a short optical pump pulse.
An interesting approach to include lateral resolution in optical experiments is given by the Scanning Near-field Optical Microscopy (SNOM). This technique consists in sending light through an aperture much smaller than the light wavelength and then scanning the aperture relative to a sample at a distance (smaller than a wavelength) where the interaction of the near field protruding the aperture with the sample could be measured [14] . In this way, the interaction of the near field with the sample comes into play before the effects of diffraction, giving a subwavelength resolution. The integration of a SNOM with a femtosecond laser would allow adding time resolution to the lateral resolution provided by the SNOM. There are various possibilities, the simplest being to optically pump the sample externally and probe it through the near field emerging from the tapered fiber apex. In this way, it is possible to follow the variation in the scattered near-field light interacting with the sample, collected inside the same fiber or externally, as a function of the delay between the near-field probe pulse and the far field pump pulse. With this technique it would be possible to follow the mechanical oscillation of a surface with a lateral resolution of the order of 50-100 nm. The nearfield scattering is provided, in this case, by the variation of the distance between the fiber apex and the surface due to the mechanical oscillations of the surface. The variation of the phase of the detected oscillation as a function of the spatial displacement provides a complete picture of the dynamics of the strain wave. In perspective, the combination of SNOM and ASOPS leads to the realization of optical oscilloscopes for the detection of ultrafast thermomechanical transients in matter with both temporal and spatial resolution.
In conclusion, we have reported on the experimental generation and detection of thermomechanical transients in matter, by means of femtosecond light pulses. Excitation of lattices of metallic nanostructures on surfaces allows investigating both the propagation of hypersonic pseudo-SAW in the substrate and the heat-exchange process at the nanoscale. The phononic crystal behavior of the system can be exploited to engineer surface cavities and acoustic waveguides in the 10-100-GHz frequency range, as the sizes are scaled down to tens of nanometers [10] , [24] , [45] . The possibility to combine the recently developed ASOPS and SNOM techniques allows designing real-time devices for mass and heat-exchange detection at the nanoscale with both subpicosecond temporal and submicrometer spatial resolution.
